Introduction
Balanced incomplete block designs, though have many optimal properties, do not fit well to many experimental situations as these designs require a large number of replications. Moreover, these designs are not available for all numbers of treatments and block sizes. To overcome these difficulties a class of binary, equireplicate and proper designs that are called Partially Balanced Incomplete Block (PBIB) designs were introduced. In these designs the variance of every estimated elementary contrast among treatment effects is not the same and hence the name PBIB designs. The definition of PBIB designs is based on the association scheme we, therefore, first give the concept of association scheme.
Association Scheme
Given v treatment symbols 1, 2, .., v, a relation satisfying the following conditions is called an m-class association scheme (m ≥2).
(i) Any two symbols are either 1st, 2nd, ..., or m th associates; the relation of association being symmetric, i.e., if the symbol α is the i th associate of β, then β is the i th associate of α.
(ii) Each symbol α has n i i th associates, the number n i being independent of α, Example: Consider 12 treatment symbols denoted by numbers 1 to 12. Let us a form 3 group of 4 symbols each as follows: (1,2,3,4), (5,6,7,8), (9,10,11,12) . We now define (i) any two treatment symbols are first associates if they belong to the same group, (ii) any two treatment symbols are second associates if they belong to the different groups. Here v=12, n 1 = 3, n 2 = 8. It can be verified that these values of (i, j, k=1,2) remain unchanged for any choice of two first or second associates. These parameters are usually written in the form of the following matrices.
Given an association scheme for the v symbols, we now define a PBIB design as follows:
PBIB Design
Given an association scheme with m classes (m ≥2) we have a PBIB design with m associate classes based on the association scheme, if the v treatment symbols can be arranged into b blocks, such that (i) Every symbol occurs at most once in a block.
(ii) Every symbol occurs in exactly r blocks.
(iii) If two symbols are i th associates, then they occur together in λ i blocks, the number λ i being independent of the particular pair of i th associates α and β.
The numbers v,b,r,k,λ i (i=1,2,...,m) are called the parameters of the design. It can be easily seen that
Two-class association schemes and the two-associate PBIB designs have been extensively studied in the literature and are simple to use. We, therefore, deal with some of these schemes and the designs based on them in the following sections:
2. Some Two-class Association Schemes Here we briefly define some of the well known two-associate class association schemes and give their parameters.
(i) Group Divisible (GD) Association Scheme
Let v = mn symbols be arranged into m groups of n symbols each. A pair of symbols belonging to the same group is first associates and a pair of symbols belonging to different groups is second associates. This defines a GD association scheme and it has the following parameters: n 1 = n-1, n 2 = n(m-1) (ii)Triangular association scheme Fill in an n x n square array with v = n(n-1)/2 symbols in such a way that the positions in the principal diagonal (running from upper left-hand to lower right-hand corner) are left blank, the n(n-1)/2 positions above the principal diagonal are filled by so many symbols, and the n(n-1)/2 positions below the principal diagonal are filled so that the array is symmetrical about the principal diagonal. For any symbol ∅, now, the first associates are the treatments that occur in the same row (or in the same column) with ∅ in the above arrangement. The remaining symbols are defined as second associates of ∅. The triangular association scheme has the following parameters:
(iii) Latin-Square, L i (i=2,3,...,) -association scheme Let v = s 2 symbols be arranged into an s x s square array and i-2 mutually orthogonal latin squares (MOLS) be super-imposed on the array. Two symbols are defined to be first associates if they occur in the same row, or column of the array or in position occupied by the same letter in any of the latin squares. This defines L i association scheme that has the following parameters: n 1 = i (s-1), n 2 = (s-i+1) (s-1),
3.
Methods of Construction It may be mentioned that as in the case of BIB designs, the complementary design of a PBIB with parameters v, b, r, k, λ i is also a PBIB design having the same association scheme with the parameters v
We describe below some methods of constructing PBIB designs based on the above association schemes. (3) By omitting the blocks in which a particular treatment, say θ, occurs from a BIB design with the parameters v,b,r,k,λ =1, we obtain a GD design consisting of the remaining blocks with the parameters:
Group Divisible Designs
Here a pair of treatments is first associates if they occur with θ in the original design, and second associate, other wise.
In the r blocks in which θ occurs, we find that on omitting θ they become disjoint and the remaining v-1 = r(k-1) treatment symbols form r groups each of k-1 symbols. This defines the GD association scheme on which the GD design is based.
Triangular Designs
(1) An obvious method of construction of a triangular design is to take the rows (or columns) of the association scheme as blocks of the design. Such a design will have the following parameters: v = n(n-1)/2, b = n, r = 2, k = n-1, λ 1 = 1, λ 2 = 0.
It may be noted that this triangular design can also be obtained by dualising irreducible BIB design with parameters given below:
1 2 1. λ (2) If there exists a BIB design with the parameters v = (n-1)(n-2)/2, b = n(n-1)/2, r = n, k = n-2, λ = 2, then by dualizing it a triangular design with the parameters v* = n(n-1)/2, b* = (n-1)(n-2)/2, r* = n-2, k* = n, λ 1 =1, λ 2 =2 can be constructed. An incomplete block design with rows of A and columns of A as blocks is called a simple lattice design. A simple lattice has v = s 2 , b = 2s, r =2, k = s. It is easy to see that a simple lattice is an L 2 design with λ 1 =1, λ 2 =0.
(2) If s is a prime or a prime power, we can construct a series of L 2 designs as follows: we superimpose each latin square of the complete set of (s-1) mutually orthogonal latin squares on A defined above and form blocks with treatments which fall under the same letter of a latin square. This gives us an L 2 designs with parameters: v = s 2 , b = s(s-1), r = s-1, k = s, λ 1 = 0, λ 2 = 1.
Method of Constructing L i (i>2) designs
A simple lattice is also called a square lattice. These designs have v=s 2 . Let there exist i-2(i2<s-1) mutually orthogonal latin squares of orders s, and let us superimpose each of these squares on A as defined above in Sec. 3.3.1(1). Treating the rows of A, columns of A, symbols of A falling under same letter of 1st, 2nd, ..., (i-2)-th latin square as blocks, we get is blocks each of size s. These is blocks constitute an L i design having the parameters:
A large number of two-associate designs can be found in Bose, Clatworthy and Shrikhande (1954) and Clatworthy (1973) . The average variance of all estimated elementary treatment contrasts is given by A.V. = (n 1 v 1 + n 2 v 2 ) / (n 1 + n 2 ) (4.6) Details of the analysis are illustrated with the help of following example.
Analysis of PBIB (2) designs

EXAMPLE
A varietal trial on wheat crop was conducted using a two-associate class P.B.I.B. design. The parameters of the design are v = b = 9, r = k = 3, λ 1 = 1, λ 2 = 0, n 1 = 6, n 2 = 2, P 1 = ( ), P (1) (2) (3) (4) (5) (6) (7) (8)
Treat/ Block no. Now, S 1 (Q 1 ) = Sum of Q i 's for those treatments which are first associates of treatment 1, = Q 2 + Q 3 + Q 5 + Q 6 + Q 7 + Q 8 = -6+8 -3 -10 +1 +5 = -5, S 1 (Q 2 ) = 4, S 1 (Q 3 ) = 1, S 1 (Q 4 ) = -5, S 1 (Q 5 ) = 4, S 1 (Q 6 ) = 1, S 1 (Q 7 ) = 1, S 1 (Q 8 ) = 4, S 1 (Q 9 ) = -5. Class Levels Values BLK 9 1 2 3 4 5 6 7 8 9 TRT 9 1 2 3 4 5 6 7 8 9
Number of observations in data set = 27 General Linear Models Procedure 
